Direct measurements were made of the collateral flow to the left lower lobe of the lung after occlusion of the left pulmonary artery in anesthetized, open-chest dogs. Immediately after ligation of the pulmonary artery flow ranged from 4.4 to 9 cc. per minute and varied with the height of the systemic blood pi-essure. The flow at a given blood pressure did not increase during 2 to 4 hours of observation. After chronic ligation of the left pulmonary artery, the flow increased, ranging from 6S to 376 cc. per minute at the end of approximately one year.
Direct measurements were made of the collateral flow to the left lower lobe of the lung after occlusion of the left pulmonary artery in anesthetized, open-chest dogs. Immediately after ligation of the pulmonary artery flow ranged from 4.4 to 9 cc. per minute and varied with the height of the systemic blood pi-essure. The flow at a given blood pressure did not increase during 2 to 4 hours of observation. After chronic ligation of the left pulmonary artery, the flow increased, ranging from 6S to 376 cc. per minute at the end of approximately one year.
ANATOMICAL and physiological studies fjL have revealed that the collateral circu--L A -lation to the lung becomes greatly expanded after long-continued ligation of the pulmonary artery. 1 ' S i ' Direct measurements of the magnitude and of the rate of development of this circulation are lacking. This communication concerns the measurement in dogs of the collateral flow to the left lower lobe of the lung at varying time intervals after ligation of the left pulmonary artery.
METHODS
Mongrel dogs were anesthetized with pentothal (25 mg. per Kg.) followed by barbital sodium (200 mg. per Kg.) . Under positive-pressure ventilation (Pneophore respirator) with oxygen, the left chest was opened in the 5th to 6th interspace. The pulmonary artery to the left lower lobe of the lung was ligated and cannulated, distal to the ligature, with polyethylene tubing, the free end of which opened to the atmosphere about 5 cm. below the level of the pulmonary artery. A ligature was placed around the pulmonary veins from the left lower lobe and tied securely. Blood was allowed to flow from the cannula throughout the experimental period. Measurements of retrograde flow were begun immediately by timing the collection of blood in a suitable graduate. The mean pressure in the femoral From the Department of Cardiorespiratory Diseases, Army Medical Service Graduate School, Walter Reed Army Medical Center, Washington, D. C.
Received for publication February 3, 1955. artery was measured directly on a mercury manometer.
Measurements of collateral flow were made in five dogs. In each instance the flow was measured repeatedly at different levels of blood pressure. The systemic pressure was made to vary by altering the rate of reinfusion of the blood which had dripped out of the cannula in the pulmonary artery.
Twenty-six dogs were prepared by a preliminary ligation of the left pulmonary artery. For this procedure the chest was entered in the 3rd to 4th left interspace under aseptic conditions. The pulmonary artery was isolated and twice ligated with silk or cotton. In most instances the artery was divided between the ligatures. In every instance the artery was found to be completely occluded at the end of the subsequent experimental procedure. The collateral flow was measured in the manner indicated above at intervals of from 3 days to 12 months after ligation of the pulmonary artery.
RESULTS
In five dogs which had not had previous ligation of the pulmonary artery the collateral flow varied from 4.4 to 9 cc./minute (table 1). In each animal the magnitude of the flow varied with the height of the pressure in the femoral artery. The flow was found to diminish gradually with time, observations being continued for as long as four hours in two instances. Similar results were obtained by Bruner and Schmidt, 2 who described a spontaneous minute to minute variation in flow rate by their technic, whereas in these experiments the flow remained constant for several minutes but
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Circulation Retard, Volume III, July IBM gradually declined over a period of 2 to 4 hours. In one dog, inhalation of 5-10 per cent oxygen instead of J00 per cent oxygen resulted in either no change or a slight decrease in flow for a given blood pressure. In two dogs cessation of the Pneophore resulted in no immediate change in flow. The magnitude of the collateral flow measured at various intervals after chronic ligation of the pulmonary artery is listed in table 1. The flow increased during the one year period of study. In each animal there was a directional relationship between the magnitude of the flow and the systemic blood pressure ( fig. 1 ). In two dogs the inhalation of 5 to 10 per cent oxygen resulted in either no change or a slight decrease in flow at a given blood pressure, and in five dogs cessation of the Pneophore resulted in no immediate change in flow ( fig. 1) . DISCUSSION Eckstein and associates 4 studied the magnitude and time of development of the collateral circulation in occluded femoral, carotid and coronary arteries. They found that the retrograde flow from the occluded femoral and carotid arteries increased within minutes of ligation of the artery, whereas the retrograde flow from the coronary artery did not increase until several hours after ligation. The collateral flow to the lung does not increase for at least 2 to 4 hours after ligation of the pulmonary artery, suggesting that in the coronary and pulmonary beds pre-existing collaterals are few in number. With time, new collaterals form and the volume of flow increases. The presence of some pre-existing collaterals is obvious from the fact that there was a small retrograde flow immediately after occlusion of the pulmonary artery and from the fact that, in four dogs, the pressure in the cannula leading to the distal occluded pulmonary artery ranged from 30 to 44 mm. Hg. Similar results have been obtained by Shedd and coworkers. 6 Nevertheless, this collateral circulation is not an important factor in the genesis of the pulmonary artery pressure in normal dogs since similar pressure-flow rela-tionships have been found in the left lung of the dog with and without transection of the bronchus and the bronchial vessels around it. 9 SUMMARY Direct measurements were made of the collateral flow to the left lower lobe of the lung in open-chest dogs. Immediately after ligation of the pulmonary artery this flow ranged from 4.4 to 9 cc. per minute. After chronic ligation of the left pulmonary artery the flow increased, ranging from 68 to 376 cc. per minute at the end of approximately one year.
